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Abstract—The gender gap is a significant concern facing the software industry as the development becomes more geographically
distributed. Widely shared reports indicate that gender differences may be specific to each country. However, how complete can these
reports be with little to no research reflective of the Open Source Software (OSS) process and communities software is now commonly
developed in? Our study presents a multi-region geographical analysis of gender inclusion on GitHub. This mixed-methods approach
includes quantitatively investigating differences in gender inclusion in projects across geographic regions and investigate these trends
over time using data from contributions to 21,456 project repositories. We also qualitatively understand the unique experiences of
developers contributing to these projects through strategically targeted surveys. Our findings indicate that there are statistically
significant differences in gender diversity between regions. Since 2014, there has been a small and statistically significant improvement
of gender diversity among software project contributors in Northern America and South-Eastern Asia but negligible change elsewhere.
We also find that most motivations and barriers to contributions (e.g. lack of resources to contribute and poor working environment)
were shared across regions, however, some insightful differences, such as how to make projects more inclusive, did arise. From these
findings, we derive and present implications for tools that can foster inclusion in open source software communities and empower
contributions from everyone, everywhere.
Index Terms—inclusion, OSS, software engineering, empirical studies, GitHub, diversity, gender, geographic regions,
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1 INTRODUCTION
Over the last few years there has been significant atten-
tion paid to the gender gap in the broader software industry.
There are a number of efforts by organizations like Grace-
Hopper1, CRA-W2, European Union’s Women in Digital
initiative3, NCWIT4, NASSCOM5 and other to address this.
There have also been efforts by the open source community
to embrace gender diversity [1]. That said in its most recent
report [2], NCWIT found out that more women are earning
Associates, Bachelor’s, Master’s and Doctoral Computing
Degrees, but across all these levels there is a persistent
gender gap. Women degree earners are more racially diverse
than men degree earners [2]. Further, Figure 1 below from
the NCWIT report [2] shows the gender ratio as 1:3.03 in
2009 and 1:2.91 in 2017.
Fig. 1. The number of individuals in computing occupations (reproduced
from [2]).
Correspondingly the report by the European Union [3]
1. https://ghc.anitab.org/
2. https://cra.org/cra-wp/
3. https://ec.europa.eu/digital-single-market/en/women-ict
4. https://www.ncwit.org/
5. https://www.nasscom.in/
found out that only 24 out of every 1000 female tertiary
graduates have a degree in an Information and commu-
nications technology (ICT) related subject—of which only
six go on to work in the digital sector [3]. This was a
decrease compared to 2011 [3]. The study also found that if
more women were to enter the digital jobs market, it could
create an annual EUR 16 billion GDP boost for the Euro-
pean economy [3]. Further, the study found that Finland,
Sweden, Luxembourg, and Denmark have highest scores for
participation of women in their digital economies compared
to other states, whereas women are the least digital in
Bulgaria, Romania, Greece, and Italy. Luxembourg, France,
and Spain are more advanced in women in digital than their
overall digital participation [3]. This brings up an interesting
point that different countries have different circumstances
for women in ICT.
Similarly, a reliable source for India is the NASSCOM
report on the status of women in the IT industry in In-
dia [4]. This is a more detailed source which analyzes the
distribution of women by career levels. The key findings in
this report indicated women were concentrated at the lower
career levels and there were fewer women in top position
in IT companies in India. [4]. In addition, the report found
that women also had a slower career progression compared
to men and had higher retention issues [4].
The results across NCWIT, the EU and NASSCOM show
significant differences according to the geography between
the US, Europe and India.
This leads to our fundamental motivation to study if
there are differences between gender diversity of software
ar
X
iv
:2
01
0.
00
82
2v
1 
 [c
s.C
Y]
  2
 O
ct 
20
20
IEEE TRANSACTIONS ON SOFTWARE ENGINEERING, 2020 2
project contributors in different parts of the world? Towards
this end, the first and seminal piece of work in this area
was done by Vasilescu et al. [5]. Using data from GitHub,
authors studied how gender and tenure diversity relate
to team productivity and turnover. They found that both
gender and tenure diversity are positive and significant
predictors of productivity, however they do not highlight
distinctions across geographic regions nor the challenges
these contributors face.
To better understand gender inclusion of open source
software (OSS) across geographic regions, we conducted
an empirical investigation of contributions on GitHub—a
widely used social coding platform with over 50 million
contributors [6]. In this study, we started with 125,485,095
GitHub projects and conducted a multi-stage filtering pro-
cess based on project activity criteria to ensure we gathered
a robust set of contributions styles. This filtering resulted
in 21,456 projects being included in our analysis of project
inclusion across gender and geographic region. To gather an
account of interactions from developers of these projects, we
strategically identified 1562 contributors across geographic
regions and binary genders to distribute surveys to about
their experiences. We found that although gender diversity
has had a small statistical improvement over time, there
is still room to create a more inclusive experience for OSS
project contributors.
Our study of OSS projects builds on the work of
Vasilescu et al. [5] by contributing: 1) a qualitative and quan-
titative perspective into gender inclusion of open source
software projects across geographic regions, 2) an emerging
taxonomy of motivations and challenges to contributing to
gender inclusive OSS projects across geographic regions, 3)
a publicly available dataset to encourage further investiga-
tions, and 4) empirically-informed design opportunities to
make open source software projects more gender inclusive
across geographic regions. In this paper, we investigate the
following research questions:
RQ 1: Is there a difference between gender diversity
of OSS software project contributors in different parts
of the world? Gender has been studied independently [5]
and so has geography [7], but not together. We ask this
question to better understand the combination of these two
factors as they are distinct constructs and have been noted
to have different approaches to supporting interactions as
reported in different technical career reports published in
countries around the world (e.g., NCWIT, NASSCOM and
EU). There has been no work to the best of our knowledge
that addresses this research question.
RQ 2: Are there different rates of increase or decrease
of gender diversity in OSS in different parts of the
world? Understanding the trends of OSS communities of
contributors over time can help us understand what the
future of software development may look like in the future
and indifferent parts of the world. This research question
helps us define a baseline for others conducting analysis
and research in OSS communities to be aware of how these
trends may be different across different countries.
RQ 3: What are the factors motivating and inhibiting
participation in OSS in different regions? How do they
differ across regions? Previous work conducted to un-
derstand inclusive communities on GitHub have primarily
focused on understanding the challenges of contributors [8].
Inevitably, most miss an opportunity to understand the
perspectives of the marginalized in these communities. Bet-
ter comprehension of the experiences of the marginalized,
especially developers who are women and those who are
from the ’Global South’ [9], can allow us to build better
interventions that foster inclusive developer experiences
around the world.
2 BACKGROUND
Success of open source software projects is attributed to
its developers. This inspired a series of studies exploring
reasons for open source engagement. These studies include
motivations for developer participation [10], barriers to
participation [11], and how developers contribute to open
source [12]. These studies help understand and optimize
the opportunities to retain community participation. It also
prepares projects to avoid or mitigate situations that causes
contributors to leave projects.
This paper is inspired by and extends works on barriers
to participation in open source software projects along the
lines of diversity in terms of gender and region of contribu-
tors in software projects. Next, we present some important
research studies that have shaped the field.
Barriers to participation. Studies have shown that there are
barriers that can prevent developers from participating to
open source. These barriers can relate to social factors [11]
and tools/technology [13], as well as the community it af-
fects (e.g. newcomers [11], and generally under-represented
communities [14]). These studies not only help in identi-
fying the source of problem but also propose solutions to
mitigate it [15].
Diversity in open source software projects. Diversity in
open source software projects has gained widespread at-
tention in recent years. Starting from the awareness of
diversity and particularly the demographic attributes of
developers [16], today improving diversity is seen as a goal
for fairness [17] as well as improved productivity [5]. Many
studies relating to gender diversity and the lack thereof
followed discussing its relevance [17] and the impediments
to improve gender diversity [18]. Along the similar lines,
diversity in terms of nationality or region took off [19].
All these studies identify challenges and needs of under-
represented communities. Taking research on the subject
a step further, in this work we study gender diversity in
different regions and how factors relating to gender and
region can potentially explain why developers join open
source software projects, select a project, continue participa-
tion. Such factors can potentially also explain barriers and
reasons to leave a project.
3 METHODOLOGY
3.1 Overview of GitHub Dataset
To answer our research questions, we used the GHTor-
rent [20] dataset to identify GitHub users contributing to
open source projects. We chose to use GHTorrent data as
it has been widely used in software engineering research,
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including in works related to diversity (e.g. [5], [17], [21]).
Using the latest GHTorrent database dump (1 June 2019),
we begin by filtering for repositories that are active, are not
toy repositories, and involve collaboration between different
developers. We use the following repository criteria:
• The repository has existed for at least 180 days (mea-
sured using difference of updated at and created at
columns in the GHTorrent data).
• The repository has at least one commit from the
beginning of 2018 or later.
• The repository has at least 10 commits from 4 or more
distinct commit authors, none of which are marked
‘fake’ or ‘deleted’ in the GHTorrent user information
table.
• The repository is not a fork.
We subsequently attempt to resolve the location and
gender of the commit authors. As GHTorrent data does not
include personal information, we collect additional informa-
tion through the GitHub API prior to location and gender
resolution. For location, resolution is based on value of
country code field of the commit author’s user information,
if available. If the field is empty, location resolution is
attempted using the following:
• location field. For example, if the commit author
specifies “Seattle” as his/her location, the country
assigned will be USA. If he or she specifies ”Tokyo”,
the country assigned will be “Japan”.
• Latitude and longitude (lat and long fields in GHTor-
rent data, respectively).
• company field. For example, “Argonne National Lab”
or “Puget Sound Regional Council” are considered
as evidence that the commit author is based in the
USA. “German National Library” is considered as
evidence that the author is based in Germany. Where
possible, we attempt to resolve an organization’s
location using its website and LinkedIn page. In
case of multinational organizations, the author’s lo-
cation is considered unresolved unless more specific
information such as branch name is provided. For
example, “RedHat” will be considered as unresolved
location, whereas “RedHat UK” will be considered
as evidence that the location is the UK.
• email field. For example, if the author’s email address
uses an Australian government domain, the country
assigned will be Australia.
To facilitate analysis at regional level, we also assign
three levels of region information to each commit author
based on the taxonomy of regions specified by United
Nations Statistics Division6. For example, if the commit
author’s resolved location is Kenya, the assigned region
information will be “Africa” (region level 1), “Sub-saharan
Africa” (region level 2), and “Eastern Africa” (region level
3).
For the commit authors’ genders, resolution is attempted
by identifying first name portion of the commit author’s
name followed by resolution of gender using genderize.io7,
6. https://unstats.un.org/unsd/methodology/m49/
7. http://www.genderize.io
which is reported to have high accuracy [22] and has been
used for similar purposes in other domains8. For this part,
titles (e.g. “Dr.”) are ignored, and if the commit author does
not use Latin alphabet to specify their name, the name is first
converted to Latin alphabet. As an additional measure to
evaluate genderize.io’s accuracy, one of the authors randomly
selected five sample repositories associated with different
regions (two from Americas and one each from Asia, Eu-
rope, and Oceania). Each sample is then assigned to each
of the remaining authors who subsequently attempt manual
gender resolution using public information sources (the con-
tributor’s GitHub page, LinkedIn page, Twitter profile, etc.).
The result is subsequently compared to gender prediction
result from genderize.io. We find that the manual analysis
results match genderize.io’s results 89.5% of the time.
Following this, we apply further filtering for repositories
for which both gender and location can be resolved for at
least 75% of the commit authors. Considering that not all
repositories on GitHub are software project repositories [23],
we also exclude repositories for which GitHub detects no
primary language. In all, after the entire process, 21,456
repositories are shortlisted, with the breakdown of filtering
result at various stages shown in Table 1. We also extract all
commit authors associated with the shortlisted repositories.
Tables 2 and 3 show the statistics of the dataset.
TABLE 1
Result of project repository filtering steps.
Filtering step Count
Initial number of repositories 125,485,095
Repositories with commits
newer than January 1, 2018
31,947,039
Repositories that have existed
for at least 180 days
and are not marked as “deleted
4,393,507
Repositories with at least 10 commits,
and are not a fork
2,129,448
Repositories remaining with no commit authors
marked “fake” or “deleted”
97,989
Repositories with 75% commit authors
having resolvable gender and location
21,456
TABLE 2
Statistics of shortlisted repositories.
Min Max Mean Median
No. of Contributors 4 109 6.16 5
No. of Commits 22 301692 363.27 170
Creation year 2008 2018 2014.63 2015
3.2 Protocol
To answer RQ1, we first associate a repository to a location
based on the most common identified location of the commit
authors. For example, if five commit authors contribute to
a repository, and their locations are {“Germany”, “USA”,
“USA”, “USA”, “Italy”}, then the repository will be asso-
ciated with USA. We also apply the same processing at
different region levels. Using the previous example, since
the commit authors’ level 1 regions are {“Europe”, “Amer-
icas”, “Americas”, “Americas”, “Europe”}, the repository
8. https://genderize.io/use-cases
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TABLE 3
Commit author region and gender in shortlisted repositories.
Region
Level 1
Region
Level 2 Count
Percentage
Man Woman Un-
known
Africa Northern Africa 91 91.21 5.49 3.33
Africa Sub-Saharan Africa 273 92.67 3.66 3.66
Americas Latin America and
the Caribbean
2547 93.29 4.75 1.96
Americas Northern America 24055 90.27 7.47 2.25
Americas Others 5 80.00 0.00 20.00
Asia Central Asia 34 88.24 2.94 8.82
Asia Eastern Asia 2585 80.46 10.10 9.44
Asia South-eastern Asia 686 87.90 6.85 5.25
Asia Southern Asia 1463 91.46 5.47 3.08
Asia Western Asia 529 93.19 3.40 3.40
Europe Eastern Europe 3858 94.35 2.90 2.75
Europe Northern Europe 7541 92.71 5.38 1.91
Europe Southern Europe 2314 94.77 3.11 2.12
Europe Western Europe 10637 92.94 3.88 3.18
Oceania Australia and
New Zealand
1870 92.62 5.13 2.25
Oceania Melanesia 5 80.00 0.00 20.00
Oceania Polynesia 5 100.00 0.00 0.00
Unknown Unknown 12123 61.96 6.22 31.82
will be associated with “Americas”. We note that unlike the
case with commit authors, there is possibility that in some
cases, a repository may be associated with different parts
of the world at different level. For example, a repository
with commit author country set of {“Japan”, “Singapore”,
“India”, “Thailand”, “USA”, “USA”, “USA”} will be asso-
ciated with “USA” at country level (since “USA” is the
country with the largest number of contributors), but “Asia”
at region level 1 (since most contributors are from Asia).
In view of this, during our analyses of the repositories, we
consider each associated region level independently instead
of as a hierarchy. We also focus our analyses at higher
levels of regional grouping. We considered the alternative of
associating repository to the location of the top contributor,
however, this approach also has a potential issue if the
contribution of the top commit author is outweighed by
collective contribution from a different region. For example,
if the top individual contributor is from the Americas and
contributes 10% of the commits, but project members from
Europe collectively contributes 50% and the remaining 40%
is contributed by members in Asia, then the project will be
associated with Americas, although most of the contribution
comes from members in other parts of the world. Given our
research objectives, we believe associating each project with
the most common location of its contributors will be more
appropriate than associating it with the location of its top
contributor.
Afterwards, we measure geographic and gender diver-
sity of the repositories using the Blau diversity index [24]
which has also been used in several works in software
engineering domain [5], [25], [26]. During calculation of
indices for both type of diversity, we disregard unknown
values. For example, if a repository is associated with five
commit authors, and four of them are identified as men
while one is unknown, the gender diversity index will be
0. Similarly, if a repository’s set of commit authors comprise
two men, two women, and one person with unidentified
gender, the gender diversity index will be 0.5. We use the
same approach for geographic diversity, i.e. if there are
five commit contributors with the identified region level
1 of {“Americas“,“Americas“,“Asia“,“Asia“,“Unknown“},
the diversity index for region level 1 will be 0.5. To check
for normality of the distribution of diversity indices, we
apply D’Agostino’s K2 test [27] considering the large size
of sample set. We subsequently apply Kruskal-Wallis H
test [28] to detect statistically significant difference of diver-
sity between regions, followed by Mann-Whitney U test [29]
between pairs of regions, with Bonferroni correction [30] to
reduce error due to multiple comparisons. After this test, we
apply Cliff’s Delta test [31] on pairs of regions with adjusted
p≤0.05 to measure effect size9. Following [31], we define
| δ | of less than 0.147 as negligible effect size, between 0.147
to 0.33 as small, between 0.33 and 0.474 as medium, and
above 0.474 as large. We also computed Spearman’s rho [32]
to investigate correlation between gender diversity and ge-
ographic diversity at different levels of regional grouping.
We use SciPy [33] implementation of these statistical tests.
To answer RQ2, we used the commit data from our
GHTorrent dataset to reconstruct repositories’ set of commit
authors at an earlier point in time. We subsequently perform
the same Blau diversity index analyses used to answer
RQ1 to examine changes in diversity of repositories in the
regions of interest between the earlier point in time and the
latest state as per GHTorrent data. To evaluate the statistical
significance of the observed difference, we apply Mann-
Whitney U test to both sets of gender diversity index values,
as well as Cliff’s Delta test.
To answer RQ3, we designed and distributed an online
survey to understand motivations and challenges faced
when joining and leaving software projects. Our question-
naire comprised of three section of questions. The first
section of our survey solicits the motivation of developers to
contribute, frequency of participation, reasons for selecting,
continue participation, as well as barriers and reasons they
have abandoned a software project. To help participants
ground their responses, we asked them to answer the above
questions for one of the software projects we identified them
from. The second section of our survey included questions
about how relevant the gender and region of co-contributors
is when selecting a project to contribute to. Relating to
region, we ask how challenging it is to contributing with
people who speak a different language and the usefulness
of translation tools to support that interaction. Likewise,
we ask for the ease of contributing to projects that have
contributors with same gender identity and their advice
to encourage women participation in GitHub. In the third
section of our survey, we asked demographic questions
about their gender identity and the geographic region they
contribute to open source from. All questions were optional
and presented as either a Likert scale, multiple-choice, or
open response question. The survey was designed to be
completed in approximately 7 minutes.
We identified survey participants from our GHTorrent
sample. Our sample comprised of all contributors from
the selected projects for where we can infer the region,
gender, and email address in order to contact them. This
9. We use https://github.com/neilernst/cliffsDelta implementation
for Cliff’s Delta test
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subset of contributors was skewed towards some regions
(e.g. Northern America was over represented while Mi-
cronesia was under-represented). This skew also occurred
in distribution of men and women across regions. To
gather a representative view spanning multiple regions,
we selected 50 men and 50 women from each region.
For over-represented groups such as men and Northern
America, we randomly identified 50 participants while for
under-represented groups (with participants less than 50),
we selected all contributors. Overall, we identified 1,562
contributors—of which 1,527 email addresses were valid
and did not have an out-of-office reply message.
4 RESULTS
4.1 RQ 1: Gender diversity in different parts of the
world
We find that gender diversity of repositories’ commit au-
thors are generally low, with global average of diversity
index being 0.08 and median of 0. Tables 4 and 5 show the
statistical summary of diversity at region levels 1 and 2. Ap-
plying Kruskal-Wallis H test on region levels 1 and 2 shows
that there is statistically significant difference between re-
gional groups (p=3.89e-115 at region level 1, p=2.60e-61 at
region level 2). Table 6 show the adjusted p-values obtained
from Mann-Whitney U test with Bonferroni correction for
pairs of region level 1. Cliff’s Delta test for region level 1
pairs with p≤0.05 yields negligible δ (0.098 for Americas
versus Europe, 0.088 for Asia versus Oceania, and 0.132
for Asia versus Europe). Table 7 lists pairs of region level
2 with significant (adjusted p≤0.05) difference as well as
their δ. The test results show that while there is statistical
difference between regions, including pairs that are close,
the difference in Blau index distribution is not substantial
except in case of Eastern Europe versus Eastern Asia and
Eastern Europe versus South-Eastern Asia.
TABLE 4
Gender diversity index values by region level 1.
Region Mean Median Std. dev. Min Max
Africa 0.07 0.00 0.16 0.00 0.50
Americas 0.09 0.00 0.16 0.00 0.50
Asia 0.11 0.00 0.17 0.00 0.50
Europe 0.06 0.00 0.13 0.00 0.50
Oceania 0.08 0.00 0.15 0.00 0.50
Finding: There are statistically significant differences in
gender diversity between regions. Although in most
cases the difference in Blau index distribution is not
substantial, we observe that Eastern Asia and South-
Eastern Asia is more diverse than Eastern Europe.
Beyond analysis of gender diversity in specific regions,
we are also interested in whether gender diversity correlates
with geographic diversity. As the diversity index values
for both gender and location are not normally distributed
(D’Agostino’s K2 test yields p=0.00 for gender diversity
index values as well as region diversity index for all lev-
els of regional grouping), we analyze this by computing
Spearman’s rho between repositories’ gender diversity index
TABLE 5
Gender diversity index values by region level 2.
Region Mean Median Std.dev. Min Max
Northern Africa 0.07 0.00 0.14 0.00 0.38
Sub-Saharan Africa 0.05 0.00 0.14 0.00 0.50
Northern America 0.09 0.00 0.16 0.00 0.50
Latin America and
the Caribbean
0.07 0.00 0.14 0.00 0.50
Western Asia 0.07 0.00 0.15 0.00 0.50
Central Asia 0.04 0.00 0.13 0.00 0.44
Eastern Asia 0.11 0.00 0.17 0.00 0.50
South-eastern Asia 0.11 0.00 0.18 0.00 0.50
Southern Asia 0.09 0.00 0.15 0.00 0.50
Western Europe 0.06 0.00 0.13 0.00 0.50
Northern Europe 0.08 0.00 0.15 0.00 0.50
Eastern Europe 0.05 0.00 0.12 0.00 0.50
Southern Europe 0.08 0.00 0.15 0.00 0.50
Australia and
New Zealand
0.06 0.00 0.14 0.00 0.50
TABLE 6
Adjusted p-values for Mann-Whitney U test between regions at level 1.
p≤0.05 in bold.
Region Africa Americas Asia Europe Oceania
Africa N.A. 0.755 0.295 1 1
Americas 0.755 N.A. 0.109 <0.001 0.340
Asia 0.295 0.109 N.A. <0.001 0.017
Europe 1 <0.001 <0.001 N.A. 0.261
Oceania 1 0.340 0.017 0.261 N.A.
values and geographic diversity index values at different
regional groupings. The result, shown in Table 8, indicates
that there is negligible to small negative correlation between
gender diversity and geographic diversity. This suggests
that different approaches are needed to promote each type
of diversity.
Finding: There is no strong correlation between gender
and geographic diversity.
4.2 RQ 2: Changes in gender diversity over time
Beyond state of gender diversity based on latest GHTor-
rent data, we are also interested in how gender diversity
changes over time. Figure 2 shows the distribution of gender
diversity index score across different repository creation
years. We observe no significant change in gender diversity
between groups of repositories created between 2008 and
2013, with Kruskal-Wallis H-test yielding a p-value of 0.12.
Considering rapid expansion of GitHub in recent years (it
has grown from 10 million repositories by end of 2013 to
more than 100 million repositories by November 2018 [6]),
we decide to focus our analyses of change on the period
from 2014 onwards.
To create a baseline for comparison, we use the GHTor-
rent commit data to identify a set of GitHub users who have
authored at least one commit to shortlisted projects by 2014.
Since not all shortlisted repositories existed in 2014, this
result in a smaller set of 8,338 repositories. We subsequently
apply the method used to answer RQ1 to associate each
repository to a region and compute gender diversity index
values. We note that in some cases a repository may be
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Fig. 2. Gender diversity by repository creation year.
TABLE 7
Pairs of region level 2 with adjusted p-value ≤ 0.05, sorted by δ in
descending order. Non-negligible δ are in bold.
Region pair Adjustedp-value δ
δ inter-
pretation
Eastern Asia Eastern
Europe
<0.001 0.166 Small
South-eastern
Asia
Eastern
Europe
0.009 0.161 Small
Eastern Asia Western
Europe
<0.001 0.145 Negligible
Northern
America
Eastern
Europe
<0.001 0.141 Negligible
Eastern Asia Australia and
New Zealand
<0.001 0.122 Negligible
Northern
America
Western
Europe
<0.001 0.118 Negligible
Southern Asia Eastern
Europe
0.005 0.104 Negligible
Eastern Asia Southern
Europe
0.012 0.099 Negligible
Eastern Asia Northern
Europe
<0.001 0.093 Negligible
Northern
America
Australia and
New Zealand
<0.001 0.093 Negligible
Northern
America
Latin America
and
the Caribbean
0.000 0.084 Negligible
Northern
Europe
Eastern
Europe
<0.001 0.076 Negligible
Northern
America
Southern
Europe
0.152 0.067 Negligible
Northern
America
Northern
Europe
<0.001 0.063 Negligible
Western
Europe
Northern
Europe
0.000 -0.053 Negligible
Eastern
Europe
Southern
Europe
0.037 -0.071 Negligible
Latin America
and
the Caribbean
Eastern Asia <0.001 -0.112 Negligible
associated with a different region in 2014 and in the latest
GHTorrent date if the new commit authors originate from
a different location from the old ones. Therefore, we use
region information for comparison (e.g. “group of reposito-
TABLE 8
Spearman’s rho between repositories’ gender diversity and geographic
diversity.
Regional Grouping rho p-value
Level 1 (e.g. ‘Africa’) -0.06 0.00
Level 2 (e.g. ‘Sub-Saharan Africa’) -0.10 0.00
Level 3 (e.g. ‘Eastern Africa’) -0.10 0.00
Location (e.g. ‘Ethiopia’) -0.11 0.00
ries associated with Eastern Europe”) instead of comparing
changes in individual repositories.
Globally, while the mean changes from 0.04 in 2014 to
0.08 at latest GHTorrent date, the median of Blau index
of gender diversity remains at 0.00. Mann-Whitney U and
Cliff’s delta tests yield p-value <0.001 and δ of -0.145,
indicating that there’s statistically significant but negligible
improvement of diversity at global level. To obtain a more
detailed breakdown, we also perform analysis at region
level 2 and apply Mann-Whitney U test to regions with more
than 20 repositories in 2014. The result, shown in Table 9,
indicates that while Northern America and South-Eastern
Asia shows small but statistically significant change, there
is negligible change in other regions. Figures 3 and 4 show a
map visualization of the change at region level 2 grouping.
Finding: Since 2014, there has been a small and statis-
tically significant improvement of gender diversity in
North America and South-Eastern Asia, but negligible
change elsewhere.
Another aspect we are interested in is whether, among
commit authors, there is difference in gender balance be-
tween older and newer accounts. We investigate this by
looking at the account creation years of commit authors
whose gender can be resolved, and compute gender com-
position for each year between 2014-2018 (the latest year for
which GHTorrent has complete data). The result, shown in
Figure 5, indicates that the percentage of GitHub accounts
created by women has remained low throughout the period.
This suggests a need to encourage participation of women.
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TABLE 9
Changes in gender diversity between 2014 and latest GHTorrent date - region level 2. p and δ calculated only for regions with ≥ 20 repositories in
2014. p≤0.05 and non-negligible δ are in bold.
Region
Level 2
Repo Count Median Mean p δ δ interpretation2014 Latest 2014 Latest 2014 Latest Change
Northern Africa 6 14 0.00 0.00 0 0.07 0.07 N.A. N.A. N.A.
Sub-Saharan Africa 9 35 0.00 0.00 0 0.05 0.05 N.A. N.A. N.A.
Latin America and the Caribbean 235 725 0.00 0.00 0.03 0.07 0.04 <0.001 -0.121 Negligible
Northern America 4513 11148 0.00 0.00 0.04 0.09 0.05 <0.001 -0.175 Small
Central Asia 1 11 0.00 0.00 0.00 0.04 0.04 N.A. N.A. N.A.
Eastern Asia 424 852 0.00 0.00 0.07 0.11 0.04 <0.001 -0.124 Negligible
South-eastern Asia 47 86 0.00 0.00 0.05 0.11 0.06 0.010 -0.184 Small
Southern Asia 55 260 0.00 0.00 0.06 0.09 0.03 0.060 -0.100 Negligible
Western Asia 25 75 0.00 0.00 0.02 0.07 0.05 0.058 -0.127 Negligible
Eastern Europe 501 1306 0.00 0.00 0.02 0.05 0.03 <0.001 -0.087 Negligible
Northern Europe 821 2134 0.00 0.00 0.04 0.08 0.04 <0.001 -0.131 Negligible
Southern Europe 160 493 0.00 0.00 0.03 0.08 0.05 <0.001 -0.136 Negligible
Western Europe 1188 3549 0.00 0.00 0.02 0.06 0.04 <0.001 -0.114 Negligible
Australia and New Zealand 352 768 0.00 0.00 0.03 0.06 0.03 <0.001 -0.122 Negligible
Melanesia 1 0 0 N.A. 0 N.A. N.A. N.A. N.A. N.A.
Fig. 3. Gender diversity at region level 2 as of 2014. Darker shade
indicates higher diversity.
Fig. 4. Gender diversity at region level 2 as per latest data. Darker shade
indicates higher diversity.
Finding: Among commit authors with identifiable gen-
der, yearly percentage of account creation by women is
low, suggesting that encouragement of participation is
still needed.
Fig. 5. Gender percentage of commit authors by account creation year,
2014-2018.
4.3 RQ3: Factors influencing participation
To answer RQ3, we gathered all non-empty survey re-
sponses associated with a region and/or gender. We pro-
cessed the data to eliminate aggregates that are few in count
for data analysis. We had two types of responses: Likert
scale and open-ended. To process Likert scale responses, we
transformed ordinal scale to a nominal scale. For example, a
5-point Likert scale of ‘Very important, Important, Neutral,
Less important, and Not at all important’ was converted
into Important (combining Very important and Important
into one), Neutral, and Not Important (combining Less im-
portant and Not at all important into one). The transformed
nominal scale was fed as input to Chi-square test to test for
statistically significant differences in the responses. All tests
were conducted in R and reported at p<0.05.
For open response survey questions, three authors con-
ducted a thematic analysis of participant’s motivations to
contribute, barriers to contribution, and reasons to abandon
projects on GitHub. In the first phase, two authors con-
ducted first-cycle descriptive coding on each open-ended
response [34]. In the second phase, we performed axial
coding to identify core experiences respondents in OSS and
the contextual bounds that connects them. In the final phase,
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authors discussed codes where responses did not converge
by conducting negotiated agreement [35].
We received 122 responses (out of 1,527 emails sent;
approximately 8% response rate) during the three weeks
in which the survey was active. Our survey garnered one
response from woman (total 23) for every four responses
from men (total 90). Although we provided the option, no
participants in our sample identified their gender as non-
binary. Our participants indicate they contribute to open
source from around the world including: Europe (46), Asia
(29), Americas (21), Africa (12) and Oceania (4), with an
overall distribution as shown in Table 11. Some participants
preferred not to disclose their gender or geographic region.
For our geographic region analysis, we exclude Oceania
(due to limited responses). Overall, considering all missing
gender and region information, our analysis was limited to
106 responses. In the following subsections, we describe the
results from our survey analysis. Quotes from participants
are also used to ground our findings.
4.3.1 Project Selection Factors, Motivations, Barriers
We received a range of responses from participants includ-
ing important factors such as the projects impact, how they
are motivated by project alignment, and how they have been
inhibited by the community culture.
Project Selection Factors. A majority of developers believe
that alignment of project goal to their own is the most
important factor for selecting a project. Approximately, 96%
of the respondents consider this factor as important while
the remaining 4% do not consider it important [χ2 (1 df)
= 86.6, p<0.001]. Other factors deemed important are how
welcoming the project is (83% important), how easy it is to
join the project (81%), and the opportunity to be a part of
how software is built (79%).
Although the majority of participants said they did not
select a project because they saw it on social media (94%
not important) or that their friends or colleagues contribute
to that project (67% not important), few acknowledged
how other social dynamics did matter. For example, some
participants mentioned how important it was to them that a
project “supports social equity (P97)” while providing “up-
to-date code for others learning (P125).”
Notably, while there were no differences in the reasons
to select a project across regions, women developers value
selecting a project with friends and colleagues (64% impor-
tant) more than their men counterparts (75% not important).
Motivations To Contribute. Participants primarily pursued
open source software development as their hobby (69 re-
sponses), volunteer in the community for free (63), to learn
something new (63) or it is their full time job (54) Other less
prominent reasons are to get a job (22), meet new people
(21), as a part of school or university project (8), and to get
paid (6).
From our open responses, participants described their
interest in volunteerism as an opportunity to reciprocate
what they received from the community in a “socially
relevant (P71)” way. One participant goes on to say, “I get
so much from the community that I feel where I can I need
to give back when I can (P114).”
We identified no difference in participation motivations
based on gender, however, regionally some factors stood
out. We noted that more participants from Europe (26%)
were already employed compared to Africa (8%) [χ2 (1
df)=12.9, p=0.004]. Similarly, less people from Europe use
GitHub to get a job (3%) compared to 11% in Africa [χ2 (1
df) = 14.0, p=0.002.]. Details on other relations are presented
in Table 10.
TABLE 10
Motivation of developers to participate in open source software projects
across regions. Each cell reports the percentage of developers
motivated by the following factors.
Europe Asia Americas Africa
my full-time job 26.00 11.00 21.00 8.00
my hobby 21.00 28.00 15.00 19.00
volunteer for free 26.00 20.00 17.00 22.00
learn something new 15.00 24.00 25.00 22.00
school/university project 2.00 1.00 8.00 0.00
help get a job 3.00 8.00 8.00 11.00
meet new people 5.00 6.00 6.00 14.00
get paid 2.00 1.00 0.00 3.00
Barriers to Contribution. From our analysis, we identified
116 barrier statements referring to reasons contributors have
decided not participated in some projects or discontinued
contributing from others. From these statements we identi-
fied 6 themes.
Lack Of Resources. Participants acknowledged that they had
limited resources at their disposal to make significant con-
tributions to a project. These resources included time allo-
cation, the lack of project funding, and challenges balancing
time spent on projects for a full time job with projects a
hobbyist. One participant goes on to describe his work-
hobby balance: “I do not do this as a full time job, I just try
to commit meaningful changes that helped me in my own
projects (P114).” Another describes their funding challenges:
“At times I would like to contribute more but it comes down
to a lack of funding to put more hours in. (P112)”
Goal Alignment Shift. As contributors grow in their exper-
tise so do their interests and their professional work. For
instance, some participants described how there was a pre-
determined end of their “short-lived project (P26)”, but
also that they, “have abandoned some open source projects
because they have been superseded by other projects or
because better options for doing the same thing came along
(P13).” Participants did not find useful to stay on a project
that was no longer a priority.
Inactivity on Projects. Changing project goals often result
in projects being abandoned and eventually becoming in-
active. Participants described the signs of dying project:
“Decrease in the regularity of contributions from project
contributors (P70).” This inactivity on the project went
beyond who was contributing. Participants also described
significant delay in the code review process from main-
tainers as a barrier: “In general, having no frequent ex-
perienced contributors would make me stop contributing
because reviews from experienced developers is one of my
main motives to contribute (P118).” Contributors are very
interested in contributing to projects a as a learning experi-
ence, but when the common experience is, “maintainer just
stopped reviewing PRs and abandoned the project (P94),”
contributors lose value in participating.
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Poor Engineering Environment. Factors related to the engi-
neering environment discouraged contributors. Specifically,
participants reported being inhibited by the“complex in-
stallation process (P71)”, “complex code architecture (P70)”,
“lack of documentation (P71)”, and the “lack of a proper
roadmap (P110).” Without proper documentation and a
clear roadmap of what the north star of a project is contribu-
tors will be misguided like P79 who had a challenge finding
the best opportunities to help: “On most [projects I’m] not
having a clear understanding of what features would be
helpful to work on.”
Poor Working Environment. Participants disgruntled by their
challenges also recalled the toxic work environments some
projects can have: “Sure I have stopped contributing to
projects when the maintainers are jerks to me or others.
Other thing that have curtailed or stopped me from working
on a project are racism, misogynous behavior or unprofes-
sional conduct by maintainers (P43).” A few participants
went on to to discuss their 1:1 encounters with project
leadership: “The big upstream dependency of this project
is maintained by a jerk, so I mostly just maintain the project
now, rather than actively add new features (P43).” Although
these experiences have been described in low frequency, it is
important to note that these experiences can influence how
developers decide to contribute like in P43’s case.
Unclear Onboarding. The lack of official onboarding docu-
mentation processes from maintainers was also discourag-
ing to our participants: “My contribution there was very
small, as we did not use it a lot. But I guess this is a good
example of the not very well documented project. this is the
main obstacle for me when I would like to get involved in
some project - not very clear README, missing documen-
tation regarding code discipline for a particular project, not
clear rules on how to get involved. That would be for me the
main blocker (P98).” When participants reflected on their
past experiences with their first project they recalled how
challenging it was to join some projects: “The first contact is
always the hardest, I mean the totally new newbies always
find it intimidating to find and join their first project. (P95)”
In short, new contributors to a project have a hard time
finding how to get involved.
We did not identify any distinct differences in bar-
riers across region. In descending frequency, our barrier
statements came from Europe, Asia, Americas, Africa, and
Oceania. Of our participants reporting their contribution
region as Asia, the lack of the resource of time was the most
prevalent barrier.
Finding: Many of the barriers and motivations for con-
tributing converge across geographic region.
4.3.2 Participation Insights
We identified interesting participation trends from our sur-
vey analysis.
Contribution Patterns. Overall, the majority of these re-
spondents contribute to GitHub monthly (79), followed by
weekly (22), daily (12) and hourly (4) with no differences in
contribution pattern across gender and regions.
TABLE 11
Distribution of survey responses based on gender and region.
Region Men Women Sum
Europe 35 10 45
Asia 25 4 29
Americas 13 7 20
Africa 11 1 12
Oceania 3 0 3
Sum 87 22 109
Continue participation. Once developers have joined a project
there are many reasons for developers to continue partici-
pation. Developers believe that they continue participating
because of interactions with welcoming contributors (91%
important) and the global connections they build worldwide
(78% important). They further add that having exciting tasks
(85% important) as well as low stress level (76% important)
in the software project are other reasons to continue partici-
pation.
We noticed that developers were quite divided in ‘being
paid’ as an incentive to continue participation. On a closer
look we found that being paid is a greater incentive for
women (64% find it important) compared to men (65%
find it not important). Further, we see that different regions
have different reasons to continue participation. Table 12
presents a summary on the relevance of factors in influ-
encing the decision to continue participation. For instance,
being paid is not as important for developers from Europe,
Asia, and America as it is for Africa. Also, while exciting
and challenging tasks are important for all regions, they
are more important for developers from Asia and Africa.
On a contrary, connecting with people worldwide is not a
big motivation for developers from Europe and Americas to
continue participation.
TABLE 12
Reasons to continue participation in open source software projects
across regions. Each cell reports the percentage of developers that find
the following factors important or not important.
Europe Asia Americas Africa
Interactions with welcoming contributors
Important 86 96 94 100
Not important 14 4 6 0
Connects with people worldwide
Important 67 89 77 86
Not important 32 11 23 14
Exciting tasks
Important 75 100 77 92
Not important 25 0 23 8
Challenging tasks
Important 84 100 82 100
Not important 16 0 18 0
Being paid
Important 34 38 21 71
Not important 66 62 79 29
Next, we investigate the importance of shared geo-
graphic or gender identity when selecting a software project.
Shared Geographic Region. Overall, having contributors from
same geographic region in the project is not important for
contribution, albeit subtle differences exist across regions.
Having contributors from the same geographic region is
least important for Europe, followed by Americas, Asia and
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somewhat important for the developers from Africa (see
Table 13 for details).
TABLE 13
Relevance of shared/different regional and gender identity - An analysis
across geographic regions.
Europe Asia Americas Africa
Contributors from same geographic region
Important 9 19 15 40
Not important 91 81 85 60
Working with people who speak a different language
Challenging 26 50 50 80
Not challenging 74 50 50 20
To understand more on the relevance of same geographic
region, we solicited challenges in working with people
who speak a different language. We noticed that while
overall differences are not discernible, at regional level,
the responses are quite divided. Developers from Europe
who happen to see no value in having contributors from
same region also do not find it challenging working with
developers who speak a different language. Developers
from Africa, on the other hand, not only find it relatively
more important to have developers from the same region,
but also have difficulty in interacting with contributors who
speak a language different from theirs. Developers in Asia
and America are torn amongst themselves in their responses
(see Table 13 for details).
To gather a deeper understanding on the subject, we
garnered responses on the usefulness of translation tools.
Developers hold a mixed opinion on the usefulness of trans-
lation tools with no differences across regions. Interestingly,
women developers find translation tools more helpful (76%)
than men developers (55%).
Shared Gender Identity. We explored the role of same gender
identity which is in general seen as not important (91%) but
when responses are seen based on gender, 99% men believe
that it is not important (only 1% men think it is important)
while 37% of women developers believe that it is important.
A similar analysis across regions also showed that same
gender identity is not at all important for developers from
Africa (0%) while it does hold some relevance for other
regions: Americas (17%), Europe (11%), and Asia (4%).
Strategies to Support Women. Finally, we wanted to gain a
deeper understanding of techniques and mechanisms con-
tributors around the world. Thus, we asked participants
about what they think can encourage participation among
women on GitHub. We found that some men across regions
were very dismissive to this ask saying, “Ask the women.
I’m not stopping them (P9).” On the opposition, we also did
find some men suggesting how explicit visibility can inspire
others, “There were several women highly qualified for any
type of project. But if you need any encouragement, perhaps
more women will take the initiative to start new open source
projects. Maybe it’s contagious (P26).” Likewise, we find
that most women were interested in women encouraging
other women, but through leadership: “More women re-
viewers. More women acting directly on the governance of
large open source projects (P52).”
Finding: For most men, the gender of contributors is not
important. Women were more likely to suggest mecha-
nisms that highlight the contributions of women.
5 DESIGN IMPLICATIONS:
TOOLS TO SUPPORT INCLUSION
From our findings, we identify interventions that can better
support inclusion across gender and geographic regions.
5.1 Code of Conduct Rewards
Codes of conduct have been encouraged to be used to
support a safe environment that can support inclusion [14],
[36], [37]. Unfortunately, less than 10% of the top OSS
projects actually have one [38]. Participants in our survey
also acknowledged that one thing that would encourage
inclusion is “Promoting use of and enforcement of code of
conduct (P94).” Even fewer projects are transparent about
how they enforce these guidelines, if at all.
One approach to enforcing code of conduct usage is
rewarding projects that have one. For example, GitHub
can offer donation through sponsors program as a reward
for projects that have code of conduct. This will provide
maintainers with more resources to devote to their role,
encourage them to make sure their project is inclusive, and
signal to new contributors that a project is safe. Compar-
atively, this presents a missed opportunity by the projects
that have not provided an enforceable code of conduct and
thus incentivize those projects to adhere to a new norm.
5.2 Proximity-Based Mentorship
Although in RQ1 we did not find a substantial difference
across different geographic regions, survey responses from
our participants encourage us to consider what mechanisms
can support contributors from specific regions. From the
responses, contributors from underrepresented OSS regions
are not necessarily resentful. Rather, they would like to
empower people from their region to take part in the op-
portunity to be a builder of software that people around
the world use [39], [40]. One participant from Sub-Saharan
Africa went as far as to state “Open-source software is a
solution for Africa to progress as a continent as quickly as
possible while spending less money (P23)”.
To support and further activate opportunities such as
these, we propose a proximity-based mentorship where
mentors and mentees are relatively close in region or even
close in cultural dimension (e.g., survival vs. self expres-
sion [41]). This experience can take advantage of being in the
same shared region by conducting guidance through offline
interventions [42]. The duality of fostering both the same
community online based on a personal offline experience
can further support inclusion.
6 THREATS TO VALIDITY
Internal Validity. Internal validity of our study can be
affected by accuracy of location and gender resolution. We
attempt to mitigate this by combining automatic resolution
with manual checks, and by using gender resolution tool
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that is able to handle names from multiple cultures (e.g.
Asian, Eastern European, Arabic). Beyond accuracy, another
possible threat to internal validity comes from correctness
of the data filled by the GitHub user on their profile.
External Validity. Threats to external validity pertain to
the generalizability of result. In our study, we attempt to
mitigate this threat by using a sample of repositories that
spans a wide variety of software projects. However, it is
possible that there are other types of software projects that
have different diversity profiles.
Construct Validity. A study design threat we face is the sur-
vey instrument we used to collect participant experiences.
When we asked participants about the motivations and
barriers they faced, we grounded them in reference to the
project we identified them making a contribution towards. If
their participation was more than a few months prior to the
survey, it is likely hard for them to reflect on that experience,
especially if it was negative.
7 CONCLUSION
In this paper, we report findings from our large scale em-
pirical study leveraging quantitative data from GitHub and
qualitative data for a targeted survey to developers to report
on the gender differences across geographies. Our study
finds that there are statistically significant differences in
gender diversity between regions. Since 2014, there has been
small and statistically significant improvement of gender
diversity amongst software contributors in North America
and South-Eastern Asia but negligible change elsewhere.
We observe that among commit authors with identifiable
gender, yearly percentage of account creation by women
remains low. A qualitative analysis shows that many of the
barriers and motivations for contributing converge across
different geographic regions ranging from lack of resources,
goal alignment shift to poor working environments and
unclear on boarding.
There are two underlying themes we hope this study
will achieve. The first is quantifying and setting baseline of
current state of GitHub regarding intersection of gender and
geography. This will help other researchers build on it and
quantify changes in coming years. The second is to create
awareness of this problem and hopefully encourage further
research by the community towards reducing the gender
gap and make software contributions possible by everyone,
everywhere. Towards this goal, we are working with people
in GitHub and Stack Overflow to help drive some of the
concrete observations from our study to alleviate diversity-
related issues in the coming years.
8 DATASET AVAILABILITY
In the interest of encouraging others to replicate
and build upon our work, we are sharing our
data. For now, the data can be found here:
https://figshare.com/s/f529853dae2ea4abe601
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